Abstract -Bragg gratings have been written in Germanium doped core silica fibers by transversally exposing the fibers to fringe patterns produced by a pair of coherent U.V. pulsed beams combined inside a prism interferometer. The transmission spectra of the gratings have been recorded at various times of irradiation. The drop in transmission near resonance wavelength may be as large as loo%, depending on the experimental conditions of the writing experiment. The thermal annealing behavior of different gratings shows that the evolution of the fiber transmittivity recovery versus temperature depends upon the number and the energy of the laser pulses applied to form the grating and upon the nature of the fiber.
Introduction
Grating assited fiber devices are of increasing importance in numerous applications including, for instance, optical communications, signal processing and all fiber laser or distributed fiber sensors. Thus, a new class of such optical fiber devices that make use of a permanently photoinduced index grating within the core of GeO, doped fibers has been developed recently /1/ /2/ / 3 / . In these devices, a longitudinal periodic change of the refractive index is produced by a spatially periodic transversal laser illumination. Under resonance conditions, the periodic perturbation leads to a power coupling between the counterpropagating fundamental modes through a monomode fiber /1/ / 3 / (Bragg reflector), or between the forward LP,, and LP,, modes /2/ through a bimodal fiber (mode convertor). The wavelength of the U.V. laser radiation is selected to lie in the oxygen-vacancy defect band of germania near 2 4 5 nm. The exact mechanisms that form the gratings are not yet fully understood, but are probably related to the creation of Ge(1) , Ge(I1) or Ge(II1) defect centers via the electrons removed from the bleaching of the 2 4 5 nm absorption band /4/ / 5 / . The thermal annealing behavior of these paramagnetic defect center E.P.R. spectra has been studied in X irradiated Ge doped silica /6/ and in broadband U.V. irradiated Ge fibers /7/. From these experiments, it appears that the relative concentrations of Ge(I), Ge(I1) or Ge(II1) defects within the sample are quite dependent on its temperature, with the Ge(II1) defect being the most stable center to heat. Therefore, it is important from both technological and fundamental points of view to caracterize the growth of a Bragg filter written in a monomode fiber beam into two equal intensity halves which are combined to interfere on one face of the prism. A fiber is placed in contact with the prism surface, normal to the fringe direction. The intensity of the interference pattern is increased by focusing the U.V. beam on the fiber using a cylindrical lens. The spot dimensions near the axis of the fiber are typically 3 mm x 100 pm. By rotating the prism assembly, the angle of incidence of the 243 nm beam can be varied to allow the tuning of the grating period and consequently of the Bragg resonance wavelength 1,. A white light source is used with a high resolution spectrometer (R,, = 240 000) to record the transmission spectrum of the fiber near As after a burst of U.V. pulses has irradiated the fiber to write the grating. The minimum of the filter transmittivity and the FWHM bandwidth can then be measured for various shot numbers. To follow the filter transmittivity recovery induced through a thermal annealing experiment, several gratings are written on a fiber at several wavelengths Xi (1.18 pm < Xi < 1.19 pm) under different experimental conditions. Thus, at room temperature, the transmittivity (or the bandwidth) is different for each grating. We increase step by step the temperature of the fiber placed in an oven. After 30 minutes at a fixed temperature, the transmission spectrum of the fiber is recorded within the range 1.18 pm and 1.19 pm.
Results

Most of the results presented here have been obtained from a fiber manufactured by the Lannion-C.N.E.T. Laboratory (core diameter 5 pm,
A, -1.15 pm, 11.5 mole per cent GeOz core doping, B and P cladding doping). Figure 1 shows the reflectivity growths of three Bragg gratings written at X = 1.19 pm versus shot number (solid lines). The parameter in each is the energy per pulse impinging on the prism. The reflectivity R is calculated under the assumption that there is no loss at resonance and consequently that the relation R = 1 -T is valid. Using the results of reference / 9 / , we estimate the strength of the index perturbation when R = 0.9 to be An/n -2.6 x 10'~. This value is probably underestimated because the intensity and the visibility of the interference pattern decrease when the interference order increases. These variations are not taken into account in the model used in reference /9/. The dotted line of figure 1 shows the evolution of the spectral bandwidth of the C filter versus shot number. The thermal annealing behavior of four gratings is displayed on figure 2. The initial reflectivity of the G grating (written by 5000 shots, 0.55 m J incident on the prism) was saLurated, its linewidth being 1 nm at room temperature. The G and G4 gratings were written, respectively, by 3000 and 1000 shots (0.55 M per impulsion) and the G, grating by 1000 shots (0.65 m J per impulsion). At 10O0C, the reflectivities and/or the linewidths of the gratings begin to decrease. This result is in disagreement with the observations of G. Meltz et a1 /I/, who did not observe any change in the reflectivity or line-shape of a grating written in a commercial fiber which was heated to 500°C and maintained at that temperature for 18 h. Another thermal annealing experiment performed in our laboratory using a different fiber (2.5 pm core diameter, X = 1.12 pm, 28 mole per cent GeOz core doping, F and P cladding dopingl led to a good agreement with the observation of G. Meltz et all provided that the illumination time applied to the fiber to obtain the grating was long enough (the grating was obtained from 32000 shots, E = 0.55 m J , spot dimensons -4 mm x 500 pm, reflectivity at room temperature R = 0.7). From the observations of references /6/ and /7/, it appears that the Ge(I1) centers begin to anneal at room temperature. They are almost depleted at an annealing temperature of 350°C. On the other hand, the Ge(II1) centers are stable up to -500°C. Assuming that the index variation leading to a grating formation results from the creation of Ge(I1) and Ge(II1) centers, we deduce that the relative concentration of these defects depends strongly upon the irradiation conditions and upon the fiber characteristics.
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